During the assembly of the bacteriophage T4 prehead, a T4-coded protease zymogen (P21) is built into the structure. At a certain stage in head formation, the protease precursor is activated and specifically cleaves most of the prehead proteins. In this paper we show that a correlation existed between the presence of proteinaceous material in the center of the prehead core, observed by electron microscopy, and the availability of P21 during prehead assembly. In the absence of P21, the core enclosed a hole of about 35 nm long and 20 nm wide. We found the same for (i) in vitro-assembled, negatively stained prehead-like structures and (ii) in vivo-formed preheads in thin sections of T4-infected cells. We concluded that P21 was localized in the center of the prehead core.
The first stable intermediate in the bacteriophage T4 head assembly pathway is the prehead (see reference 1 for a review). After assembly, this head precursor undergoes a number of maturation steps, including proteolytic modification of most prehead proteins, head expansion, and DNA packaging. Phage T4 gene 21 codes for a polypeptide (P21) of 26,000 molecular weight, which is a zymogen that can be activated by selfcleavage to the T4 prehead proteinase (8) , which is specific for T4 prehead proteins (2, 7). Onorato and co-workers (5) showed that 50 to 100 copies of P21 are incorporated into a prehead isolated from cells infected with phages that carry a temperature-sensitive mutation in gene 21. In the course of our studies on the structure and the assembly mechanism of T4 preheads, we have noted a striking difference in the morphology between the preheads that are formed in the presence of P21 and those that are formed in its absence. Our observations suggest that the P21 molecules are located in the center of the core. Fig. la and c, however, show one striking difference. Those assembled in the absence of P21(tsN8) have a stain-filled hole in the center of the core (Fig. la) , whereas those formed in the presence of this protein carry a distinct stainexcluding substructure in the middle of the core (Fig. lc) . This suggests a possible localization of P21 in the center of the prehead.
MATERLALS AND METHODS
To further clarify this point, we have isolated the 21(tsN8) gene product starting from 21(tsN8) preheads, which were obtained as described elsewhere (10) . These were dissociated in low-ionic-strength buffer in the cold, and the resulting protein mixture was chromatographed over Sepharose 6B, after which the void volume fractions are enriched in P21 and another prehead protein, P20, as shown previously (10, 11) and in Fig. 2a .
These fractions were subjected to preparative isoelectrofocusing in a layer of Sephadex (A. Winter, H. Perlmutter, and H. Davies, LKB application note 198, 1975), as described in detail elsewhere for other prehead proteins (9) . In the presence of 6 M urea, P21(tsN8) focuses in a single sharp band at pH 5.5. The resulting P21(tsN8) preparation is shown in Fig. 2b . If this material is added to a P21-deficient protein mixture, derived from 21(N90) preheads, preheadlike particles that show the above-mentioned stain-excluding structure in the middle of the core (Fig. lb) can be assembled in vitro. This further supports the idea that P21 is located in the center of the prehead core, although we cannot completely exclude that other components in our P21 preparation are responsible. A quantitative assessment of the lack and the occurrence of a stain-excluding structure in the center of in vitro-formed, negatively stained prehead-like structures is given in Table 1 .
In vivo-formed preheads. We used an improved fixation procedure for the morphological characterization of in vivo-formed preheads in thin sections. Preheads that were produced by the chain termination mutant 21(amE322), i.e., in the absence of P21, revealed in central cross sections a region in the center of the prehead core that did not contain osmiophilic substances and therefore appeared to be empty ( Fig. 3a and Table 1 ). The size of this hole was about 35 by 20 nm, similar to that found in structures formed in vitro. The majority of preheads that were assembled in the presence of P21(tsN8) in 21(tsN8)-infected cells, did not show a hollow core (Table 1) . In most particles, the central core region was partially or completely filled with electron-dense material (Fig. 3b) . Why we also found in 21ts-infected cells a number ofpreheads that showed a central hole, such as the 21am preheads, is unclear.
Attempts to visualize a similar P21-correlated difference in core structure in negatively stained lysates failed. It appears that too little stain penetrated into the native prehead to make a core substructure visible. The in vitro-formed particles seemed to be more open. Table 1 shows that there was a correlation between the availability of P21 during T4 mutant prehead assembly and the presence of proteinaceous material in the center of the prehead core. In the absence of P21, the core enclosed an empty space of about 35 ture-sensitive mutants in gene 21 cannot be matured by the addition of exogeneous P21, also suggesting that P21 must be inside the prehead to exert its function.
DISCUSSION
There is evidence that P21 is not a normal T4 core protein, which also indirectly suggests a special localization of this protein: (i) P21 is not part of the 7S complex that contains most other core proteins, such as the major core protein P22 and the three internal proteins (9) , and (ii) P21 is not found in core-containing polyheads produced by amber mutants in gene 20 (5) .
It seems likely that our localization of P21 by use of gene 21 mutants also applies to wild-type preheads. It might be suggested that either the hole in preheads from chain-terminating mutants or the central structure in 21(tsN8) preheads is an artifact caused by the specific mutations. However, the nice complementarity in form between the hole and the central structure argues against this interpretation. head proteinase is initiated. We can only explain this by assuming a P24-induced structural change in the prehead, possibly coupled to a release of the particle from the cytoplasmic membrane, which also seems to be P24 dependent (5) .
